Foreign direct investment (FDI) has rapidly increased in developing countries since the 1990s, but formal evidence for vertical FDI has been surprisingly mixed. This paper empirically reconsiders the factor-proportions hypothesis by exploring the role of host country's relative skill endowments in offshore production of multinational enterprises (MNEs). Using panel data on sales of foreign affiliates by Japanese and U.S. MNEs in the 1990s, I find that relative skill abundance has a large negative impact on Japanese affiliate sales, but little effects on U.S. affiliate sales. Robust to a wide variety of sensitivity checks, the results strongly support vertical FDI in the case of Japanese MNEs, but not U.S. MNEs. Because the dominant view in favor of horizontal FDI against vertical FDI in the previous literature results primarily from U.S. data, I empirically demonstrate that data sources on MNEs could partly explain weak evidence for vertical FDI.
Introduction
The dramatic rise in foreign direct investment (FDI) is a prominent feature of recent economic globalization. Global FDI flows increased at a faster pace than international trade and income in recent decades. The global production of multinational enterprises (MNEs) accounted for an estimated 10% of world output in 2006, as measured by the valued added of all foreign affiliates as a share of world GDP (UNCTAD, 2006) . It is commonly viewed that the rise of multinational activity has been in part driven by a vertical type of FDI motivated by low factor costs abroad. Accordingly, trade economists have developed the factor-proportions explanations to analyze vertical FDI in a general equilibrium model of international trade (Helpman, 1984; Helpman and Krugman, 1985; Markusen, 2002) .
A growing number of studies have examined the empirical implication that vertical FDI should arise when countries are different in relative factor endowments. Prior research, including Carr, Markusen, and Maskus (2001) , Braconier, Norbäck, and Urban (2005a) , and Davies (2008), shows that multinational activity is positively related to differences in relative skilled-labor abundance across countries, consistent with vertical FDI. In contrast, another set of research such as Brainard (1993 Brainard ( , 1997 , Maskus (2001, 2002) , and Blonigen, Davies, and Head (2003) , finds that multinational production is negatively correlated with relative skill differences.
Their findings support only horizontal FDI associated with market-access motives. Thus, econometric evidence for vertical FDI is surprisingly mixed and even contradictory, resulting in the dominant view that FDI activity is primarily horizontal. The empirical importance of the factor-seeking motive of multinational production remains largely inconclusive.
The purpose of this paper is to reconsider the factor-proportions explanation for FDI by investigating the relationship between offshore production of Japanese and U.S. MNEs and relative skill endowments in host countries. I use panel data on sales of foreign affiliates by Japanese and U.S. MNEs for the years 1990, 1995, and 2000 . A fairly consistent dataset on foreign affiliate sales allows for comparative assessment on a vertical motive of FDI across Japanese and U.S. multinational production in the same set of host countries. Furthermore, this paper employs an instrumental-variables (IV) approach to address potential endogeneity of the host-country supply of skilled labor in estimation, which could have led to downplay vertical FDI.
For instance, developing countries might have an incentive to upgrade skill levels of the labor force partly for attracting vertical FDI. Thus, I carefully take into account the endogeneity of relative skill endowments to obtain a consistent estimate of the effects of skill endowments on multinational activity. More specifically, I exploit differences in past schooling characteristics as the instruments for the contemporaneous level of skilled-labor abundance measured by the educational attainment of the labor force.
My empirical analysis produces the major results for determinants of Japanese and U.S. multinational activity. Robust to a wide range of specifications and sensitivity checks, unskilled-labor abundance in foreign countries plays a crucial role in attracting investment by Japanese MNEs' activity. The benchmark results predict that the real sales of foreign affiliates by Japanese firms would increase by 24.7% when the average years of schooling in host countries decrease by one year. The estimated effects seem to be substantially larger than previously thought. For example, if China had the U.S. level of educational attainment in 2000, Japanese affiliate sales in China would become negative, conditional on observables. Japanese investment in China was strongly encouraged by the factor-cost motive. Furthermore, the IV estimates are also significantly negative and larger in magnitude. The implication is that the endogeneity bias has an upward pressure on the effects of host-country relative skill endowments on affiliate activities, possibly yielding underestimated impacts of factor-proportions on MNE activity in prior research.
In stark contrast to Japanese MNEs, host-country relative skill endowments have no significant effect on foreign affiliate sales by U.S. MNEs. Even after carefully taking into account the possible endogeneity bias that may work to downplay vertical FDI, the factor-proportions hypothesis is not supported in the U.S. sample. Since all of these results emerge from virtually identical host-country characteristics as used for the Japanese sample, the different conclusions on the importance of vertical FDI are due to the different patterns of Japanese and U.S. multinational sales. As compared to prior work that addresses various econometric issues to resolve weak evidence for vertical FDI, my analysis empirically demonstrates that the data source of multinational activity plays a central role in empirical support for vertical FDI. The implication is that the dominant view in favor of horizontal FDI could result partly from the wide availability on U.S. data of multinational firms.
Section 2 reviews the related literature on vertical FDI. Section 3 discusses an empirical strategy in specification and estimation. Section 4 provides data description on Japanese and U.S.
MNE activity and host-country characteristics. Section 5 presents the estimation results with sensitivity analysis. Section 6 concludes.
Empirical Literature on Vertical Foreign Direct Investment
This section first provides a brief summary of the general-equilibrium approach to FDI to motivate the empirical literature on a vertical motive of multinational production. The theoretical literature has traditionally focused on two forms of multinational production.
1 Some firms fragment the production process vertically across borders. These firms are vertical MNEs that are headquartered in one country and produce in another country. Other firms establish an identical production process abroad. These firms are horizontal MNEs that maintain both headquarters and plant in one country and an additional plant in another country. Headquarters services such as management, R&D, and advertising play a key role in supporting the operation of both MNEs.
A group of theoretical work such as Helpman (1984) , Helpman and Krugman (1985) , and Markusen (2002) analyzes the role of factor-proportions differences in explaining the formation of vertical MNEs. 2 These models predict that offshore production by vertical MNEs is likely to arise when countries are sufficiently different in factor proportions. To illustrate, consider two countries endowed with skilled and unskilled labor. Multinational firms consist of headquarters services and manufacturing production, with headquarters more skilled-labor intensive than production. When countries are similar in relative skill endowments, cross-country differences in the relative price of skilled to unskilled labor is eliminated by international trade.
There is no factor-cost incentive for firms in both countries to offshore a production plant.
When one country becomes sufficiently skilled-labor abundant relative to another country, cross-border differentials in the relative skilled-labor cost is not equalized through foreign trade. As a result, factor-cost differentials create an incentive for firms in a relatively skilled-labor-abundant country to establish production facilities in a relatively skilled-labor-scarce country. Headquarters activity that uses skilled labor intensively is located in the country where skilled labor is relatively cheap. Production activity that employs unskilled labor intensively is moved to the country in which unskilled labor is relatively cheap. Consequently, vertical MNEs arise in a single direction to serve consumers at home via offshore production solely because of international differences in relative skill endowments. The supply of unskilled labor in the host country plays a crucial role in attracting vertical investment from the skilled-labor-abundant country.
Another set of theoretical work such as Markusen (1984) , Brainard (1997) , and Venables (1998, 2000) , explores a firm's decision between exporting and local production in serving foreign markets to explain the formation of horizontal MNEs. 3 In contrast to vertical FDI, these models predict that horizontal FDI is likely to occur when countries are similar in relative skill endowments. In these models, a firm consists of a headquarters and a production plant at home. Factor intensities in headquarters and production activities are identical to rule out vertical fragmentation of production. The firm must decide whether to produce abroad or export by comparing transportation costs of exporting and a plant-specific fixed cost for local production. In the absence of factor-cost motives, horizontal MNEs will arise when gains from economizing on trade costs offset an additional fixed cost of opening an overseas plant. Therefore, the relative skill abundance in a host country provides no direct motive for horizontal FDI.
4
While market-access and factor-seeking motives are equally prominent reasons for FDI in theory, early empirical studies such as Brainard (1993 Brainard ( , 1997 , Ekholm (1998) , Maskus (2001, 2002) , provide little support for vertical FDI, but strong evidence in favor of horizontal FDI. Brainard (1993 Brainard ( , 1997 investigates the market-access and factor-proportions explanations of multinational production by exploring U.S. data on affiliate sales disaggregated by country and industry for 1989. She finds that trade costs increase affiliate sales both absolutely and relative to trade, but cross-country differentials in income per worker reduce affiliate activities. Ekholm (1998) provides similar evidence from country-level data on affiliate sales of Swedish multinationals in 1994. Furthermore, Maskus (2001, 2002) explicitly test the vertical model against the horizontal model for U.S. data on affiliate sales at the country level for 1986-1994. They find that skilled-labor abundance in the host country increases both local and export sales by U.S. affiliates. These findings suggest that horizontal investment is far more important than vertical investment in accounting for aggregate multinational activity.
Aggregate multinational sales arise from both vertical and horizontal reasons for FDI that interact in a complex way. Based on the knowledge-capital model of horizontal and vertical MNEs, Carr et al. (2001) estimate an empirical specification that accounts for complex effects of country characteristics. Using the panel data as in Markusen and Maskus (2002) , they find that affiliate production of U.S. firms is attracted to skilled-labor-abundant countries. Blonigen et al. (2003) show that affiliate demand for imported inputs is higher in a country with low unskilled-labor cost.
While these findings accord with the factor-proportions implications, it is puzzling that both studies show a positive impact of host-country skilled-labor costs on affiliate activities.
Hanson, Mataloni, and Slaughter (2001) 
Empirical Framework

Empirical Specification
To analyze the factor-proportions theory, I adopt an empirical specification designed to estimate the knowledge-capital model in Carr et al. (2001) . Their estimating equation is specified to explain affiliate production as a function of home-and host-country characteristics. While the specification includes differences in relative skill endowments to study a vertical motive of multinational activity, it must be modified to meet the nature of my dataset. Since my dataset has only two parent countries, Japan and the U.S., there is little variation in home-country relative skill endowments. Data on the host country account for the dominant variation in relative skill differences across countries. There is little advantage to consider parent-country skill endowments.
Focusing on host country's relative skill abundance, I estimate the following equation separately for the Japanese and U.S. samples with a host country i and year t:
ASALE is the real volume of aggregate sales by manufacturing affiliates in each host country, with more than 10 % of their equity stakes owned by parent firms in a home country. SKILL is the measure of the relative supply of skilled labor in each host country. X is a vector of independent variables that include important host-country characteristics in the investment decision by parent firms. These variables serve to disentangle the effects of skill endowments on multinational production from potentially relevant determinants. T t is a set of time fixed effects, with Ȗ t a vector of the coefficients. Finally, İ is an error term.
The purpose of this paper is to obtain an estimate of ȕ 1 in the estimating equation for data on Japanese and U.S. MNEs. The central hypothesis from the factor-proportions model of FDI is that if multinational production is motivated to take advantage of factor-price differentials across borders, then multinational firms would prefer to locate their offshore production in unskilled-labor-abundant countries. Labor-intensive stages of production such as final assembly are moved to a host country that has the lower cost of unskilled workers relative to skilled workers than does a parent country. This implies that affiliate sales should be negatively associated with the skilled-labor abundance in a host country. In other words, a negative sign of the estimate of ȕ 1 shows evidence for vertical FDI.
The alternative hypothesis derived from the market-access explanation for FDI is that if multinationals invest abroad to obtain the access to foreign markets, then factor-cost differentials have no direct impact on the location of their offshore production. The formation of horizontal MNEs is driven not by labor-cost differentials, but by high trade barriers and the large market size.
Affiliate sales should not be correlated with the host country's relative skill endowments. In the case of multinationals from highly skill-abundant countries such as Japan and the U.S., a larger value of SKILL implies convergence in relative skill abundance across countries. Skilled-labor abundance could have a positive impact on affiliate sales if horizontal motives are present in data.
Thus, a nonnegative sign of the estimate of ȕ 1 can be suggesting evidence for the alternative hypothesis in favor of horizontal FDI.
A set of independent variables, X, are included in equation (1) Lastly, IC is investment cost to represent overall investment climate in a host country. As high investment barriers deter the entry of foreign firms to a host market, the predict sign of IC is negative.
Estimation Strategy
The empirical model as specified in equation (1) allows me to disentangle the effects of relative skill endowments on multinational production from those of a wide variety of other country determinants. More precisely, regression analysis with ordinary least squares (OLS)
provides an estimate of the coefficient of SKILL, conditional on observable factors such as market opportunities, trade barriers, and investment risk. This paper attempts to shed light on causal effects of skill endowments on multinational production by exploiting a variation in past schooling characteristics as an instrument for the contemporaneous level of host-country skill endowments. This estimation strategy is useful not only for obtaining a consistent estimate of the coefficient of SKILL, but for reconsidering a potential bias in previous findings on vertical FDI.
Following the exposition of Wooldridge (2002) , SKILL is an endogenous variable when SKILL is correlated with an error term in equation (1). Assuming that available data on relative skill endowments are generated independently from unobserved factors, many of previous empirical studies analyze the linkage between skilled-labor abundance and multinational activity.
However, there are a host of reasons to suspect the possible violation of the assumption, which would lead to inconsistency in linear regression. First, reverse causality arises if the supply of skilled labor in a foreign country is affected partly by multinational activity. Slaughter (2002) illustrates several channels through which inward FDI can contribute to skill improvements in the developing countries. The growth of FDI activity since the late 1980s coincided with increased schooling in many developing countries (Barro and Lee, 2000) , possibly suggesting an incentive effect of a perceived benefit of FDI on investment in human capital.
Second, measurement error occurs when a proxy variable for skilled-labor abundance includes errors that are correlated with the proxy, but not with the unobserved SKILL variable.
Given the tremendous difficulty in practice to make a distinction between skilled and unskilled workers both within and across countries, it follows that the available data for SKILL are likely to be measured with substantial errors. Attenuation bias from the measurement error can reduce the statistical significance of the coefficient of SKILL, which gives rise to bias in favor of horizontal FDI. Finally, omitted-variables bias appears when an error term contains additional variables that are correlated with SKILL. There may be unobserved forms of economic institutions such as a rule of law that create favorable investment climate for foreign investors as well as promote sound development of education systems. As a result, the estimated coefficient of SKILL can be biased upward. While it is difficult to pin down a crucial source of the endogeneity problem among others, it is reasonable to suspect that the SKILL variable suffers from any of possible forms of the endogeneity.
To solve the endogeneity problem, I employ the instrumental-variables (IV) estimation with past schooling characteristics as a set of instruments for the current skill intensity of the labor force in a host country. Specifically, I estimate a reduced-form equation for SKILL as follows.
PSCHOOL and SSCHOOL are the average years of primary and secondary schooling of people over age 25 in the previous 10 years, respectively. In the first step, equation (2) is estimated with OLS to obtain the fitted value of SKILL. In the second step, SKILL in equation (1) is replaced with the fitted values of SKILL from the first step, and then the modified equation (1) is estimated with OLS to obtain a consistent estimate of the coefficient of SKILL in the presence of the endogeneity problem.
It is in order to discuss two key assumptions required to identify equation (1) with the IV estimator. First, at least one of the two instruments, PSCHOOL and SSCHOOL, must be sufficiently correlated with SKILL. Conceptually, it is reasonable that the relative supply of skilled labor in a country can be measured with the aggregate stock of human capital obtained through education, which is available for production activities by multinationals. If the average years of schooling are longer for the average adult individuals in one country than for those in another country, then the country is more skilled-labor abundant relative to another country.
Given that human capital stock obtained at school represents the abundance of skilled labor, the past level of educational attainment of the population is the best predictor of the current level of educational attainment. Cross-country differences in the average length of schooling in the past period should be reasonably linked to differences in relative skill endowments across countries in the current period.
Specifically, I employ the 10-year previous level of the average years of primary and secondary schooling for the contemporaneous level of the average years of schooling. 6 This indicates that if the average persons in one country have already spent a longer time at primary and secondary levels than those in another country this year, then the average length of schooling is likely to be longer in the country than in another country in 10 years. Thus, the choice of instruments is based on a conceptually valid link between schooling and SKILL. In addition, it is also crucial in empirical analysis to assess a correlation between the instruments and the potentially endogenous variable. Following Bound, Jaeger, and Baker (1995) , I examine instrument relevance by the partial R-squared measures and the F test of the joint significance of PSCHOOL and SSCHOOL in the first-stage regression. A high value of the partial R-squared and a low p-value of the F statistics would be evidence for the instrument relevance.
Second, a set of the instruments must be uncorrelated with an error term in equation (1).
The exclusion restriction implied by IV regression is that educational attainment obtained at primary and secondary schools 10 years ago, conditional on the included control variables, have no impact on multinational activity this year. The instruments can have effects on affiliate sales only through skilled-labor endowments. A potential concern is that the past level of primary and secondary schooling of the population could be correlated with the current unobserved characteristics of the host country, which may have a significant direct effect on multinational activity. To the extent that other transmission channels could work, the IV estimate of the effects of SKILL on affiliate sales would capture partly an indirect effect of other determinants. Because the presence of the other transmission channels is not readily apparent, it is not conceptually possible to reject the unintended consequences of the concern about the exclusion restriction.
Nevertheless, it is possible to assess the second criterion that the instruments are sufficiently irrelevant to an error term in equation (1) by testing overidentifying restrictions with the J statistic of Hansen (1982) . Under the null hypothesis that the instruments are uncorrelated with the error term, the failure to reject the null would provide a check on the instrument irrelevance.
Data Description
Data on Foreign-Affiliate Activity of Japanese and U.S. firms
To study a link between outward FDI and skill endowments, this paper uses data on foreign affiliates by Japanese and U.S. parent firms. 7 The data on Japanese affiliates are taken from the survey on overseas business activities of Japanese firms conducted annually by the Ministry of Economy, Trade, and Industry (METI) in Japan. To examine the stylized facts on Japanese affiliate activities, the METI sends the survey questionnaire directly to the firms that are headquartered in Japan and own more than 10% of shares of the business enterprise in a foreign country. While the survey covers both manufacturing and non-manufacturing sectors, it excludes parent firms in the finance, insurance, and real estate sectors. A wide variety of data items are included in the survey to measure foreign affiliate characteristics such as country and industry codes, sales and purchases by destination, and employment.
While the METI survey provides detailed information on Japanese multinational activities, it has been recognized that the survey results suffer from low response rates of around 60%, varying samples of parent firms over time, and widely fluctuating sales at the affiliate level.
These issues result partly from the fact that reporting to the METI survey is not mandatory for parent firms. The publicly available data provided by the METI are neither sufficiently 
Data on Host-country Characteristics
This paper explores the factor-proportions hypothesis in explaining the pattern of Japanese and U.S. multinational production. While there are various indicators of a country's factor proportions such as capital, labor, and arable land, relative factor endowment is measured by the proportion of skilled labor in the total labor force. Skilled-labor abundance is previously used as a key variable to investigate the relative importance of vertical FDI relative to horizontal FDI. Since it is difficult to disentangle skilled labor from unskilled labor in each country, relative skilled-labor abundance is measured by the educational attainment from Barro and Lee (2000) . 11 10 Although affiliate sales by the RIETI data are higher than those by the BEA data, a systematic difference appears to result from original survey methods. Specifically, BEA survey defines a foreign affiliate owned by a single U.S. firm whereas the METI survey defines a foreign affiliate owned either by a single Japanese firm or jointly by a Japanese parent firm and its other foreign affiliate. In addition, a foreign-affiliate's industry is determined by sectoral sales of the affiliate in the BEA survey, but by subjective judgment of a person who files a report in the METI survey. 11 Another data source is occupational employment statistics published by the International Labor Organization (ILO). However, the ILO data are less consistent for an international comparison because The risk score is composed of 9 weighted individual scores on investment environment; political some countries report employment in the 1968 International Standard Classification of Occupations (ISCO) and other countries in the 1988 ISCO. Occupational categories are defined in very different concepts across the schemes, and some countries even switch the reporting scheme in the period of my interest. 12 Although annual levels in educational attainment can be created by linear interpolation between available years, this method provides little additional variation in skill endowment for regression analysis. 13 Taiwan GDP data are taken from the Department of Commerce, Taiwan.
risk (25%), economic performance (25%), debt indicators (10%), debt in default or rescheduled (10%), credit ratings (10%), access to bank finance (5%), access to short-term finance (5%), access to capital markets (5%), and discount on forfaiting (5%), with higher scores indicating higher country risk. The difference in the number of observations is partly due to the fact that the data cover 41 host countries for Japanese MNEs and 39 host countries for U.S. MNEs. The U.S. data do not include such countries as Greece, Hungary, and the U.S. for host countries of U.S. affiliates. The Japanese sample excludes Japan as a host country. Because the following results are not affected by including those countries in analysis, the larger samples are used to obtain more efficient estimates. The summary statistics clearly present two key characteristics of my dataset. First, the distribution of foreign affiliate sales is significantly different for Japanese and U.S. multinationals.
Descriptive Statistics
Second, the host-country characteristics such as relative skill endowments, market size, and inward trade costs are almost identical across the Japanese and U.S. samples. These characteristics imply that any difference in descriptive and econometric analysis across the Japanese and U.S. samples will result primarily from the nature of foreign production by Japanese and U.S. MNEs.
[ Table 1 around here]
Since affiliate data play a key role in the following results, I characterize a pattern of Japanese and U.S. multinational activity with box plots on foreign-affiliate sales for the years 1990, 1995, and 2000. Figure 1 provides additional information on the distribution of affiliate 14 The Appendix contains a list of variable definition and data source, and a list of host countries.
sales to make comparison for an international pattern of Japanese and U.S. multinational activities.
There are two prominent features in the figure. The first feature is the wide gap between the maximum and minimum volumes of Japanese affiliate sales, as compared to those of U.S.
affiliate sales. This feature indicates that Japanese MNEs have the more dispersed presence of foreign production across countries than do U.S. MNEs. Second, the median values of the Japanese affiliate sales are smaller than those of the U.S. affiliate sales across the years, suggesting that the presence of Japanese MNEs in foreign markets is smaller than that of U.S.
MNEs. In other words, U.S. multinationals maintain the deeper and more concentrated presence of foreign production than do Japanese MNEs.
[ Figure 1 around here]
Before proceeding with formal econometric analysis, I illustrate the cross-country pattern of multinational activity and relative skill endowments for Japanese and U.S. MNEs. respectively. Because the volume of multinational sales is strongly influenced by a scale effect of the country size, affiliate activity at the vertical axis is measured by the relative presence of affiliate production in the host economy. All of these figures clearly show a negative relationship between affiliate sales and educational attainment for the Japanese sample, but a positive relationship for the U.S. sample. These results indicate that affiliate sales by Japanese multinationals are relatively larger in more unskilled-labor-abundant countries, consistent with the empirical implication of the factor-proportions hypothesis on vertical MNE activity. In contrast, affiliate sales by U.S. multinationals are relatively larger in more skilled-labor-abundant countries, suggesting that foreign production by U.S. firms is attracted to skilled labor. Because the U.S. is one of the most skill abundant countries, the figures imply that U.S. multinational activity is larger when the U.S. and host countries are similar in relative skill endowments. Thus, the U.S. data support the model of horizontal FDI in terms of relative endowments.
[ Figure 2 -4 around here]
In sum, a simple correlation in the data suggests that Japanese firms may have invested abroad to take advantage of factor-cost differentials across countries whereas U.S. firms may not have established offshore production strongly for factor-cost motives. Evidence for vertical FDI is found in the case of Japanese MNEs, but not U.S. MNEs. It is worthwhile to note that the conclusion is drawn from using the share of affiliate sales in GDP levels as a measure of multinational activity. Defining the variable in such a way is almost equivalent to exploring the role of skill endowments in the cross-country pattern of affiliate sales after controlling for the market-size effects. Obviously, there are a number of other determinants of multinational activity such as trade barriers, investment climate, and government policy. The observed correlation between affiliate sales and education attainment may simply be confounded by omitted third factors. It is a task in the next section to disentangle the effects of skill endowments from other country determinants. [ Table 2 around here]
Estimation Results
OLS Regression
Column (1) shows the OLS results for the sample on Japanese MNEs. As suggested by the descriptive analysis, OLS regression gives a significantly negative estimate of the coefficient of host-country skill endowments. This implies that foreign affiliate sales by Japanese firms are likely to decrease with skilled-labor abundance in host countries, conditional on the other observable determinants. In other words, the host country's supply of unskilled-labor would encourage foreign production by Japanese MNEs, consistent with the prediction of the factor-proportions hypothesis. Because the skill-endowment variable is measured by the average years of schooling in the population for the dependent variable of the log of affiliate sales, the size of the coefficient implies that Japanese affiliate sales are predicted to decrease by 24.7% when the average person in a host country increases the schooling by one more year. 16 For instance, the average educational attainment for the year 2000 is around 6 years in China and 12 years in the U.S. If China had achieved 6 more years of schooling equivalent to the U.S. level, Japanese affiliate sales were predicted to decrease by whopping 148.2%. Since Japanese affiliates in China had their sales of about 28 billions in U.S. dollar, the calculation implies that the whole volume of their sales could have even disappeared in a ceteris paribus sense.
In contrast to the OLS results for Japanese MNEs, column (2) shows that the relative supply of skilled labor has a statistically insignificant coefficient in OLS specification. Any change in the host country's abundance of skilled labor has no effect on foreign affiliate sales by U.S. firms. As briefly discussed in the literature review, an alternative explanation for the possible loss of efficiency from overspecification instead of the possible bias of the estimates from underspecification. 16 The marginal effect is computed by 100×(exp(-0.284)-1), which is equal to -24.7. Taking into account standard errors of the coefficient, the population parameter would range between -0.11 and -0.45 for 95% of the samples. This indicates that the marginal effect could lie between -10.4 to -36.2.
formation of MNE activity against vertical FDI is that horizontal MNEs arise when there are relatively large marginal costs in exporting and lower fixed costs in local production, suggesting no direct role of skill endowments in the location of affiliate production. The U.S. sample is consistent with these implications of horizontal FDI, but provides no support for vertical FDI. The OLS results for U.S. MNE activity also accord well with the previous findings such as Brainard (1997) , Carr et al. (2001) , and Blonigen et al. (2003) . Using the BEA data on outward U.S.
affiliate sales in the 1980s and early 1990s, these authors tend to find that U.S. multinationals are attracted to skilled-labor-abundant foreign countries. Since I extend the period coverage up to year 2000, my findings possibly imply that skill abundance became largely irrelevant for the location of more recent U.S. outward FDI.
To statistically test a difference in the coefficients of skill endowments across Japanese and U.S. samples, I include the specification with interaction terms between independent variables and a dummy variable for Japanese MNEs, with the latter entering the model independently. For brevity, column (3) shows only the coefficients of the interaction terms from the new specification estimated with OLS for a pooled sample. As expected from the separate sample regressions, the coefficient of skill endowments in the Japanese sample is smaller by 0.3 than that in the U.S. sample. The test for coefficient differences shows that host-country skill endowments have significantly different impacts on Japanese and U.S. affiliate sales. Combining with the results for the separate samples, it is suggested that Japanese multinationals prefer to locate offshore production in unskilled-labor-abundant countries more strongly than do U.S. multinationals. Although relative skill abundance has no significant influences on the location of U.S. multinational production, U.S. MNEs tend to locate overseas production in more skilled-labor-abundant countries as compared to Japanese MNEs. Table 2 provides additional insights on important host-country characteristics for multinational production. GDP has the significantly positive coefficients for both Japanese and U.S. data. Offshore production by Japanese and U.S. multinationals is attracted to the large market primarily for serving local consumers. Market potential has the significantly negative coefficient in the Japanese sample, indicating that Japanese MNEs tend to avoid the location with potentially large exporting opportunities from a host country. It may simply mean that if neighboring countries are relatively large in economic size, Japanese firms would establish foreign production in the neighboring countries. The coefficients of geographic distance are significantly negative for both Japanese and U.S. data. Multinationals prefer host countries close to their parent countries for various reasons such as information and transportation costs. Trade and investment costs have the negative coefficients, but the statistical significance varies across the samples.
Instrumental Variables Regression
The empirical analysis up to this point has suggested that relative skill abundance in host countries is negatively correlated with Japanese affiliate sales, but has little association with U.S. affiliate sales. These findings are generally consistent with vertical FDI in the case of Japan and with horizontal FDI in the case of the U.S. However, as discussed in the estimation strategy, these results are not sufficient to conclude that host country's unskilled labor plays a causal role in attracting Japanese affiliate activities. The causality link of skill endowments and affiliate production can break down for a number of econometric issues. A possible endogeneity of the SKILL variable in OLS regression is the major concern for analysis. Thus, this section addresses the endogeneity issue by exploiting cross-country differences in past schooling characteristics as instruments for the current skill endowments. If test statistics support instrument relevance for an endogenous variable and its irrelevance for an error term of the structural model, it is reasonable to interpret a significantly negative coefficient of SKILL as suggesting a causal effect of unskilled-labor abundance on MNE activity. Table 3 presents the results of IV regression for Japanese and U.S. multinational activity.
In the case of the Japanese sample, column (1) shows the second-stage regression for the equation
(1) that replaces SKILL with the fitted value of SKILL in the first-stage regression of column (2).
The IV estimate of the coefficient of SKILL is significantly negative with the slightly larger absolute size of the coefficient as compared to the OLS estimate. Taking into account possible bias in the OLS estimate arising from the endogeneity problem, the IV regression suggests that skilled-labor endowments could have stronger negative impacts on Japanese affiliate sales than what implied by the OLS specification.
To check the validity of the IV specification, the first-stage regression supports instrument relevance of the average years of primary and secondary schooling in the previous 10 year. These instruments enter with high significance both individually and jointly in the first-stage regression. The partial R-squared of 0.88 strongly indicates a high correlation between the SKILL variable and the instruments. This implies that potential bias resulting from weak instruments is not a concern in the IV regression. In addition, instrument irrelevance in the structural equation is supported by the relatively small value of Hansen's J statistics for the overidentification test. In other words, there is no strong evidence that the exogenous variables are correlated with the residuals from the second-stage regression. Thus, all of these findings lend considerable support to the conclusion that unskilled-labor abundance in host markets has the significant causality effect on offshore production by Japanese MNEs.
[ Table 3 around here]
The IV regression for the U.S. sample is shown in columns (3) and (4). The IV estimate of the coefficient of SKILL is negative, but statistically insignificant. Compared to the OLS estimate, the IV estimate implies that the potential endogeneity of the SKILL variable has an upward pressure on the effect of host-country skill endowments on U.S. affiliate sales.
Nevertheless, there is little evidence that foreign unskilled-labor plays a role in the location of U.S. multinational activity. As the tests support instrument relevance in the Japanese sample, the instruments are highly correlated with the SKILL variable in the U.S. regression. In contrast, the relatively large value of the Hansen's J statistics does not show the absence of the endogeneity.
However, the Hansen test needs to be interpreted with care. As discussed in Hayashi (2000, p. 218) , the J test can be viewed as a specification test to examine whether the model restrictions are valid. To interpret the rejection of the J test as evidence for the endogeneity of the instruments, the underlying assumptions must hold with confidence. In addition, the finite-sample property of the test shows that it is likely to overrejcet the null hypothesis of no endogeneity of the instruments. In the small sample of my dataset, the J test could indicate correlation between the instruments and an error term even in the absence of the endogeneity problem. Thus, the overidentification test could imply a room for improving the specification in explaining the pattern of U.S. multinational production.
Sensitivity Analysis
Evidence in favor of vertical FDI has been provided with the descriptive statistics and regression results for the Japanese sample, but not for the U.S. While the major concern of the endogeneity of SKILL is already addressed by the IV estimation, the previous regressions could be sensitive to the empirical specification that is closely based on the knowledge-capital model. I introduce some alterations in the specification for robustness checks.
First, the SKILL variable is defined in several ways for the model. Specifically, the SKILL variable measured by the average years of schooling is defined as the natural logarithm to mitigate possible outlier effects of top and bottom countries in educational attainment. The bottom countries such as Indonesia, India, and Brazil had the average 4 years of education in my sample. On the other hand, the duration of education was around 12 years for the top countries such as the U.S., New Zealand, and Canada. Table 4 reports the OLS and IV regressions for the modified specification. The columns (1) and (2) show the significantly negative estimates for the log of skill endowments in the case of Japan while the columns (7) and (8) give the insignificant coefficients in the case of the U.S. Thus, the results support the conclusion previously made.
[ Table 4 around here]
Next, it was controversial in prior work whether differences in relative skill endowments across countries should be defined as the absolute value (Blonigen et al, 2003) . To check the issue, the SKILL variable is defined as the absolute difference in the average years of schooling between parent and host countries. Although there is little variation in parent-country relative skill endowments, the difference variable can serve to explore the implication that vertical FDI should be important when countries become more different in relative endowments. In the Japanese sample, the columns (3) and (4) present the significantly positive coefficients for the absolute skill difference. However, the columns (9) and (10) do not produce any significant coefficients for the U.S. sample. The findings imply that cross-country differences in relative skilled-labor abundance have a positive impact on affiliate sales by Japanese MNEs, but no effects on U.S. affiliate sales. While previous work on the knowledge-capital model focused on the specification of skill differences in resolving weak evidence for vertical FDI (Blonigen et al. 2003; Carr et al. 2003) , my findings indicate no prominent role of the absolute difference specification in the results. It is the data source that determines support for vertical FDI.
Finally, skill endowments are measured by the percentage of college graduates in the population taken from Barro and Lee (2000) . I exploit differences in the proportion of primaryand secondary-school graduates in the previous 10 years as the instruments for the college graduates. In the case of Japanese MNEs, the OLS result in column (5) shows that the college-graduates variable has the insignificant coefficient. However, the IV regression provides the significantly negative coefficient, possibly indicating that the endogeneity of the college-graduates variable has a strong upward bias in the OLS estimate. Consistent with the previous results, Japanese affiliate sales are smaller in the host countries with the greater share of highly educated workers in the labor force. In the case of the U.S. sample, columns (11) and (12) do not give any significant results. Therefore, my findings suggest that evidence for vertical FDI is robust to the variable definition.
In addition to the sensitivity to the variable definition of SKILL, there is also the concern that the schooling instruments used in my analysis could have an effect on MNE activity through omitted variables, other than current skill endowments. To some extent, the concern is mitigated by the absence of evidence by J statistic for a correlation between the independent variables and the error term in the case of Japanese MNEs. Nevertheless, the failure to find evidence does not necessarily ensure that there are no other transmission channels through which past schooling characteristics could affect current MNE production.
It is useful to assess the validity of IV regressions to the endogeneity resulting from potential omitted-variables bias. To this end, I largely expand the specification with the following variables. First, data on the average corporate tax rates are taken from the University of Michigan
World Tax Database to account for the tax effects on the location of multinational production. The database reports statutory corporate income tax rates that measure maximum marginal tax rates faced by companies in each country. 17 Second, there may be regional effects on the location of MNE production, which could be correlated with the past schooling characteristics. I exploit data from the World Trade Organization to construct an indicator for 3 regional trade agreements: EU, ASEAN Free Trade Area (AFTA), and Mercosur. 18 Lastly, I control for the geographic contiguity and common language, which are specific to the U.S. sample. The data on common language come from the International Trade Data website of Raymond Robertson. Table 5 presents the OLS and IV results for the largely expanded specification with Japanese and U.S. data on affiliate sales. In the case of Japanese MNEs, column (1) shows that the OLS estimate of the coefficient of SKILL is significantly negative with the larger absolute magnitude as compared to the OLS estimate obtained from the original specification. Since AFTA has the significantly positive coefficient among the additional control variables, the previous OLS regression might have assigned the effects of ASEAN FTA to those of skill endowments on affiliate sales. The IV regression in column (3) also shows an increase in the absolute size of the coefficient of SKILL. On the other hand, columns (2) and (4) indicate that skill endowments have no significant effect on U.S. affiliate sales, even after accounting for additional control variables that could give rise to an upward bias in the coefficients of SKILL.
[ Table 5 around here]
A possible explanation for the upward endogeneity bias is that the past improvement in educational attainment at the primary-and secondary-school levels has generally a beneficial effect on economic growth, which strengthens an incentive for further institutional changes to increase economic gains. Reforms in economic institutions such as administrative procedures, investment rules, and regulatory frameworks could have a positive effect on multinational activity through a reduction in business costs. If the positive effects of institutional upgrading through past developments in the educational attainment are excluded from the IV specification, they could enter the negative effects of the current skill endowments on Japanese MNE activity, giving rise to an upward pressure on the estimates of ceteris paribus effects of SKILL. These arguments imply that the regression analysis tends to downplay the role of host country's unskilled labor on multinational production because the better schooling characteristics in the past period can be likely to contribute to preferable, rather than deteriorating, investment environments for current MNE activity.
Conclusion
A recent increase in FDI flows is commonly viewed as arising from vertical fragmentation of a firm's production process to take advantage of factor-cost differentials across Note: Heteroskedasticity-consistent standard errors are in parentheses, with ***, **, and * indicating the 1, 5, and 10 percent significance levels, respectively. A constant term is not reported. The null hypothesis for F test is that the instruments jointly have zero coefficients. The null for Hansen's J statistics is that the instruments are uncorrelated with an error term. P-values are in parentheses for these statistics. 
(8)
Log of Skill Endowment Note: Heteroskedasticity-consistent standard errors are in parentheses, with ***, **, and * indicating the 1, 5, and 10 percent significance levels, respectively. GDP, MKP, DIST, TC, IC, year dummies, and a constant term are included, but not reported. The null hypothesis for F test is that the instruments jointly have zero coefficients. The null hypothesis for Hansen J statistics is that the instruments are uncorrelated with an error term. P-values are in parentheses for these statistics. College graduates are measured by the percentage of higher school completion in the total population, with the instruments of the percentage of primary and secondary school completion in the previous 10 years. Note: Heteroskedasticity-consistent standard errors are in parentheses, with ***, **, and * indicating the 1, 5, and 10 percent significance levels, respectively. A constant term is not reported. The null hypothesis for F test is that the instruments jointly have zero coefficients. The null hypothesis for Hansen J statistics is that the instruments are uncorrelated with an error term. P-values are in parentheses for these statistics. 
